As part of a series of studies in which we are attempting to determine the roles of the lateral spinal (LSn) and lateral cervical (LCn) nuclei in somatic sensation, we have examined the fibers and terminals within these nuclei in the rat using the indirect immunofluorescence technique.
As part of a series of studies in which we are attempting to determine the roles of the lateral spinal (LSn) and lateral cervical (LCn) nuclei in somatic sensation, we have examined the fibers and terminals within these nuclei in the rat using the indirect immunofluorescence technique. Eleven antisera were used. Within the LSn, antisera against dynorphin 1-8 (DYN), substance P (SP), and Met-enkephalin (ENK) produced labeling of a large number of processes in all segmental levels examined.
Processes labeled with these antisera frequently apposed the cell bodies and dendrites of LSn neurons. Antisera against somatostatin (SOM) and FMRF-NH2 (FMRF) labeled smaller numbers of processes within the LSn. Few, if any, processes in the LSn were labeled using antisera against serotonin, cholecystokinin octapeptide, oxytocin, neurotensin, corticotrophin-releasing factor, and vasoactive intestinal polypeptide. In contrast to the LSn, the LCn contained virtually no labeled processes irrespective of the antiserum employed. An area was found adjacent to the LCn in the medial portion of the dorsal lateral funiculus (DU) of C2 that resembled the LSn in several of its anatomical characteristics:
(7) like the LSn, the medial portion of the C2 DLf contained small multipolar neurons; (2) it was similar to the LSn in its medial-lateral extent; and (3) following staining with each antiserum, the LSn and the medial DLf of C2 contained a similar number of labeled processes. The peptide-containing area in the medial DLf of C2 was found to be continuous with the LSn. We therefore propose that this region is a rostra1 extension of the LSn. The relative abundance of immunoreactive processes in apposition to neurons within the LSn and LCn was confirmed by observers who were unaware of the antiserum employed or the nucleus being evaluated.
These findings support our previous suggestion that the DLf in the rat contains two functionally and anatomically distinct nuclei. The LCn of the cat was also examined after immunostaining with DYN, SP, ENK, SOM, and FMRF antisera. A small number of fibers and terminals were labeled by SP antiserum within the medialmost part of the LCn. The remaining antisera failed to label processes in the LCn. ' In carnivores, the lateral cervical nucleus (LCn) is a large island of cell bodies located within the dorsal portion of the lateral funiculus (DU) of spinal segments Cl to C3 (Rexed and Brodal, 1951; Craig and Burton, 1979 ; cf. also review by Boivie, 1984) . The LCn is thought to play a role in nociception since a large percentage of its ascending spinal afferent fibers are differentially responsive to noxious mechanical, thermal, and chemical stimulation (Brown and Franz, 1969; Cervero et al., 1977; Hong et al., 1979) . The size of the LCn has been shown to vary dramatically among the more than 45 mammalian species in which it has been examined (Rexed, 1951; Seki, 1962, Kircher and Ha, 1968; Truex et al., 1970) . The LCn is largest in carnivores and very small, if present, in primates (Rexed and Brodal, 1951; Kircher and Ha, 1968; Truex et al., 1970; Craig and Burton; 1979) . Several early workers (e.g., Rexed, 1951; Seki, 1962) failed to locate an LCn in the rat "in the same form or location" (Rexed, 1951) as that identified in carnivores. However, Gwyn and Waldron (1968, 1969) and Waldron (1969) discovered a number of neurons located within the DLf at all levels of the spinal cord in rats, other rodents, and an insectivore. On the basis of the apparent morphological uniformity of these neurons at all levels of the cord, Gwyn and Waldron (1968, 1969) concluded that they form a functionally homogeneous cell column homologous to the LCn. They named this cell column the "nucleus of the dorsal lateral funiculus."
More recent studies have shown, however, that the organization of the cells in the DLf of the rat is more complex than originally envisioned. The cell bodies in the DLf form at least two morphologically and functionally distinct nuclei, one in C2 and the other in C3 and below. We (Giesler et al., 1979a) reported that injections of horseradish peroxidase (HRP) into the ventrobasal thalamus of the rat did not label DLf neurons at all spinal levels uniformly. More than 85% of the labeled cells within the DLf were confined to segment C2; the majority of the remaining labeled DLf neurons were within C3 and Cl (Giesler et al., 1979a; Baker and Giesler, 1984) . In singleunit studies, all recorded neurons in the DLf of C2 were found to be responsive to hair movement within large receptive fields that frequently covered half the body surface or more (Giesler et al., 197913) . Twenty-seven percent of these neurons were also shown to respond to noxious cutaneous stimuli (Giesler et al., 1979b) . The similarity of the response properties, projections, and morphological characteristics of the neurons in the DLf of segment C2 to those of neurons in the LCn in other species (Rexed and Brodal, 1951; Craig and Tapper, 1978; Craig and Burton, 1979) led us to propose that these neurons constituted the LCn of the rat. In contrast to cells in the DLf of C2, neurons within the DLf below C2 in the rat can only very rarely be driven by either noxious or innocuous cutaneous stimulation. We could not activate neurons in the DLf of Cl and C3 with any cutaneous stimulus (Giesler et al., 1979b) . Menetrey et al. (1980) reported that the overwhelming majority of cells in the DLf of the lumbar enlargement could not be driven by any form of cutaneous stimulation. These workers did report, however, that a minority of such cells were responsive to movement of joints and deep tissue. Also in contrast to DLf cells in C2, DLf cells in cord levels below C2 have been shown to project only as high as mesencephalic levels (Giesler et al., 1979a (Giesler et al., , 1981 Menetrey et al., 1980 Menetrey et al., , 1982 et al., 1983) and vasoactive intestinal polypeptide (VIP; lmmuno Nuclear Corp.) were used in these studies. After rehydration of the trssue with phosphatebuffered saline (PBS), the primary antiserum was diluted in PBS/O.B% Triton X-100 (antiserum diluent) and applied to the tissue. The tissue was incubated for 15 to 20 hr in a humrd environment at 4°C. The dilution of the primary antisera ranged from l/l00 to l/400. After rinsing the primary antiserum from the tissue with PBS, a fluorescein-labeled secondary antiserum (directed against rmmunoglobulrns from the species providing the prrmary antiserum) in antiserum diluent was applied and the tissue was incubated In a humid envrronment for 30 mtn at 37°C. After rrnsrng with PBS, the tissue was counterstained for Nissl substance with ethrdium bromide (Schmued et al., 1982) coverslipped with PBS/glycerine, and examined using a fluorescence microscope equipped with reflected illumination. To acquire an independent evaluation of the relative abundance of peptidecontaining fibers and terminals in apposition to neurons wtthrn the nuclei, the five antisera that produced the richest labeling of fibers within the LSn (DYN, SP, ENK, SOM, FMRF) were analyzed using a blind rating procedure. Three individuals who have experience evaluating immunofluorescent materral were asked to rate the density of labeled fibers and terminals in apposition to the somata and/or proximal dendrites of counterstained LSn and LCn neurons. A five-point scale was used tn which a rating of 0 was assigned when no labeled fibers were seen in apposition to cells within the nuclei and numbers 1 to 4 were given for increasingly richer labeling. The raters were not informed as to the peptide or nucleus being evaluated.
Ratings for different peptides and cord regions were compared statistically using the G-test of indepen-3 FMRF is a four-amino acid peptide origrnally Isolated in mollusks (Price and Greenberg, 1977) . Although FMRF is not found in mammals, antisera rarsed against it cross-react with the mammalian brain peptide, neuropeptide Y (Sasek and Elde, 1985) .
dence (Sokal and Rohlf, 1981) . In all cases, p < 0.05 was used to indicate a significant difference. lmmunohistochemical specificity controls were prepared by incubating an antiserum with an excess of the homologous antigen prior to incubation of the tissue in the antiserum.
In addition, the antisera were screened in a model immunohistochemrcal system in which neuropeptides were covalently bound with vapor phase formaldehyde to filter paper (Larsson, 1981) . In order to be consrdered specific, an antrserum at its working dilution for brain immunohistochemistry demonstrated intense staining of IO-pmol blots of the homologous peptrde and, at the same time, produced no staining above background on 1 -nmol blots of all other peptides.
According to these criteria, all antisera used in these studres produced specific staining (Sasek et al., 1984) .
Results
Morphological characteristics of LSn and LCn neurons. Very early in these studies it became apparent that the cells of the LSn and LCn differ morphologically.
In Figure  1, Figure  2 in which labeling in the LSn produced by five antisera is shown in L5 (Fig. 2, left) and C7 (Fig. 2, right) (Fig. 2) . Immunocytochemically determlned content of processes in the DLf of segment C2. Application of antlsera against DYN, SP, and ENK labeled a large number of fibers and terminals In the medial part of the DLf of C2. Unlike the cell bodies found In the lateral part of the DLf at this level, neurons In the medial DLf had small multipolar and fusiform cell bodies. Each antiserum labeled processes in the medial portion of the DLf of C2 that appeared to be simtlar in quantity and appearance to the processes labeled within the LSn at other cord levels (cf. labeling in Figs. 2 and 3) . In nearly horizontal sections of segments C4 to C2 stained for SP and ENK (not Illustrated), the LSn was seen In the lateral funiculus of C4 as a column of multlpolar cells encrusted with a number of lmmunoreactive processes. In C3 and C2, the LSn was found in a progressively more medial position within the DU. In caudal C4, the mean and SD of the distance of the lateral border of the LSn from the edge of the cord were 45.2 f 10.3 pm (N = 10). In mid-C2, the most lateral immunocytochemically stained fibers were found 120.0 f 30.6 pm from the edge of the cord (N = 10). The difference in these distances is statistically significant (Mann-Whitney U test, p C 0.05). The peptide-containing area in C2 was similar in its medial-lateral extent to the LSn in C4. In C4 the LSn was found to be 196 f 23.2 pm (N = 10) mediolaterally; in C2, the peptide-containing area was found to be 181 + 30.6 pm (N = 10). These values did not differ significantly. Thus, several features of the nucleus in the medial DLf of C2 suggest that this region is a rostra1 continuation of the LSn. These include: (7) the cells within the medial DLf of C2 were morphologically similar to LSn neurons, (2) the distribution of immunoreactive fibers in C2 was continuous with the LSn, (3) the medial-lateral extent of the immunoreactive fibers in C2 was similar to that of the LSn, and (4) for each antiserum employed, the relative abundance and morphological characteristics of the immunoreactive fibers in C2 were similar to those of the LSn. We therefore refer to this medial region of the DLf In C2 as the C2 LSn. None of the antisera employed in this study labeled more than a very small number of fibers in the LCn. As illustrated in Figure 3 , this finding was particularly striking in the tissue stained with antisera against DYN, SP, and ENK, for these antisera heavily labeled fibers in the adjacent LSn of C2. In tissue starned with these antisera the LCn can be seen as a "hole" In the labeling within the lateral portion of the C2 DLf.
Ratings of the peptidergic content of the nuclei of the DLf. Ratings of the number of labeled processes wrthin the LSn in L5, C7, and C2 are presented in Figure 4 . Sections from each of the three cord levels were stained with antisera against DYN, SP, ENK, SOM, and FMRF and rated. No significant differences were seen in the ratings of processes stained with DYN, SP, SOM, and FMRF across the levels of the LSn. The ratings of the number of ENKlabeled axons in C7 LSn differed significantly from the ratings of the C2 LSn. The ratings of neither level, however, differed from those for L5.
As illustrated in Figure 4 , the ratings (mean + SD) for DYN, SP, ENK, SOM, and FMRF in the LSn in all three cord levels were 3.81 f 0.52, 3.47 f 0.65, 2.94 + 1.07, 1.75 + 1.02, and 1.58 f 0.60, respectively. In contrast, the ratings of DYN, SP, SOM, and FMRF in the LCn were each 0.17 f 0.39. The ratings for ENK in the LCn were 0.67 + 0.49. The ratings for the LSn differed significantly from those for the LCn for all five peptides examined. The consistent paucity of labeling of processes in the LCn is reflected by the fact that 48 of the 60 evaluated sections through the LCn received a rating of 0, a rating assigned when not a single labeled process could be seen in apposition to any LCn neurons. In addition, none of the sections of the LCn received a rating higher than 1, regardless of the antiserum used.
Immunocytochemvzally determined content of processes in the LCn of the cat. As was the case in the rat, application of antisera against DYN, ENK, SOM, or FMRF labeled virtually no fibers within the LCn of the cat (Fig. 5) . Antiserum agarnst SP labeled a few fibers within the medialmost part of the cat LCn. No SP labeling was seen in the more lateral portion of LCn. Within the cervical and lumbar enlargements, neither cell bodies nor immunoreactivity (using any of the antisera) were seen in the lateral funiculus, indicating that the LSn in the cat is either considerably smaller than in it is in the rat or is not present. Clear labeling of axons in substantia gelatinosa and the marginal zone (MZ) of the adjacent dorsal horn was produced by antisera against ENK, FMRF, and SP (Fig. 5) indicating that the failure to label processes in LCn of the cat was not the result of faulty immunocytochemical techniques. Absorption controls. The specificity of the antisera against DYN, SP, ENK, SOM, and FMRF was evaluated in absorption control experiments. Application of an excess of the homologous antigen prohibited staining by each antiserum.
Discussion
Morphologic characteristics of LCn and LSn neurons. In addition to the previously reported differences in response characteristrcs (Giesler et al., 1979b; Menetrey et al., 1980) and brainstem projections (Giesler et al., 1979a (Giesler et al., , 1981 Menetrey et al., 1980 Menetrey et al., , 1982 of the neurons that comprise the LSn and LCn, we have found that the morphologic characteristics of the neurons in these nuclei also differ (cf. also Figs. 14 to 17 by G. Grant and B. Robertsson in Boivie, 1984) . Neurons in the LCn were most often round in transverse sections. LCn neurons have dendrites that extend primarily longitudinally within the cord (Gresler et al., 1979b) . In contrast, neurons within the LSn had multrpolar or fusiform cell bodies that gave rise to dendrites that extended in no apparent preferred direction. feptidergic content of the LSn. We have examined the peptidergic content of the nuclei within the DLf in the spinal cord of the rat. Of the 11 antisera employed in the present study, the heaviest labeling of fibers within the LSn was consistently produced by antisera against DYN, SP, and ENK. These antisera frequently produced very heavy labeling of fibers that apposed the cell bodies and dendrites of nearly all LSn neurons. Bresnahan et al. (1984) have recently examined SP-and ENK-rmmunoreactive fibers and terminals wrthin the LSn at both the light and electron microscopic levels. They reported that a large number of peptide-positive unmyelinated axons and termrnals are found within the LSn. ENK-immunoreactive terminals were found in synaptic contact with dendrites and cell bodres of LSn neurons; SP-stained terminals were found in synaptic contact only with dendrites.
A number of reports have appeared in which immunostarning of processes in the LSn has been noted or illustrated In passing. Our findings confrrm a number of these reports. Ljungdahl et al. (1978) first reported that large numbers of fibers in LSn can be richly immunostained for SP. Several reports have confirmed thts observation (Barber et al., 1979; Seybold and Elde, 1980; Gibson et al., 1981; Dalsgaard et al., 1982; Senba et al., 1982; Larabi et al., 1983; Bresnahan et al., 1984) . lmmunostaining with antisera against methionrne-or leucine-enkephalin has been shown to produce rich staining in LSn (Simantov et al., 1977; Seybold and Elde, 1980; Gibson et al., 1981; Senba et al., 1982) . Previous studies have shown that antisera against SOM or FMRF label a number of LSn fibers (Elde et al., 1978; Seybold and Elde, 1980; Dalsgaard et al., 1981; Senba et al., 1982; Williams and Dockray, 1983; Sasek et al., 1984; Schrmder, 1984) . Several studies have shown that very few, if any, fibers are rmmunostained using antisera against OXY (Seybold and Elde, 1980; Gibson et al., 1981) NT (Seybold and Elde, 1980; Gibson et al., 1981; Senba et al., 1982 ) CCK8 (Jancso et al., 1981 Gibson et al., 1981; Dalsgaard et al., 1982; Schrmder, 1983; Sasek et al., 1984) , VIP (Fuji et al., 1983) and CRF (Schipper et al., 1983) . No evidence was found for the existence of an LSn in the lumbar or cervical enlargements of the cat.
Possible sources of immunostained fibers in LSn. In the first examination of the origins of SP-containing fibers within the LSn, Barber et al., (1979) reported that transection of lumbar dorsal roots markedly reduced the number of labeled fibers in the nucleus ipsilaterally. They also noted that, since combined hemisection of the cord and dorsal rhizotomy failed to eliminate SP labeling in LSn, it was likely that some of the labeled fibers in LSn originated segmentally. In more recent studies, however, the possibility of an input from SP-containing dorsal root fibers to the LSn has been questioned. Larabi et al. (1983) re-examined the effects of dorsal rhizotomy on fibers in the LSn and concluded that, although such operations markedly reduced the number of labeled fibers in the adjacent dorsal horn, little if any reduction was produced in the LSn unless the radicular arteries were obstructed or cut during the rhizotomies. Bresnahan et al. (1984) also showed that rhizotomies have little, if any, effect on SP-immunostained fibers in LSn. In addition, Bresnahan et al. (1984) found that application of HRP to the proximal stumps of cut dorsal roots labeled very few primary afferent terminals in the LSn (the adjacent dorsal horn contained a large number of labeled fibers). The failure to label more than a few fibers in LSn following applicatron of HRP to dorsal roots strongly suggests that the majority of SP-stained fibers within the LSn are not central processes of primary afferent fibers. This finding, of course, also indicates that very few of the fibers within the LSn (whether they contain a peptide or not) originate in dorsal root ganglia. Interestingly, Bresnahan et al. (1984) did find HRP labeling of terminals in LSn when HRP was injected into the dorsal horn, a finding that suggests the existence of a projection from neurons in the adjacent dorsal horn to the LSn. In material available to us from other studies of the dorsal horn in which colchicine had been injected intrathecally to increase the peptidergic labeling of cell bodies (Seybold and Elde, 1980; Sasek et al., 1984) many dorsal horn neurons (see also Ljungdahl et al., 1978; Barber et al., 1979; Bresnahan et al., 1984) and the majority of LSn cell bodies were found to be immunoreactive for SP. It therefore appears that the primary sources of SP-stained fibers in the LSn are the adjacent dorsal horn and, perhaps, the LSn itself. Schrmder (1984) recently demonstrated that SOM-labeled fibers in LSn also originate within the spinal cord. The sources of DYN-and ENK-immunoreactive processes have not been clearly established.
In contrast to the LSn, many areas of the spinal cord gray matter have been shown to contain dorsal root fibers that are immunoreactive for SP. These areas include the MZ, outer substantia gelatinosa, lateral reticular dorsal horn (lamina V), and the gray matter around the central canal (Barber et al., 1979; Tessler et al., 1980; Jancso et al., 1981; Larabi et al., 1983) . SP is frequently thought to be importantly involved in nociception (Salt and Hill, 1983 ) and may, in (Wall, 1967; Christensen and Perl, 1970; Light et al., 1979; Bennett et al., 1980; Nahrn et al., 1983 (Elde et al., 1976; Ljundahl et al., 1978; Haber and Elde, 1982) . The dorsal horn neurons of origin of the ascending pathways that terminate within these areas are frequently located in regions that contain a large number of peptidergic fibers and terminals (Elde et al., 1978; Ljungdahl et al., 1978; Gibson et al., 1981; Jancso et al., 1981; Ruda, 1982) . Thus, the present and previous immunocytochemical studies suggest that if neuropeptides affect synaptic transmission within several ascending somatic sensory systems, they are more likely to do so at the level of the spinal cord dorsal horn than in the recipient brainstem nuclei.
